The creep in concrete is a phenomenon that occurs due the water movement within the concrete and it is influenced by several factors that act simultaneously. Some of these factors are the environmental conditions (relative humidity and temperature) to which the element or the specimen is submitted. This paper compares the experimental results from drying creep of specimens loaded at different ages and kept in a controlled environment (climatic chamber) versus those from an uncontrolled ambience. In addition, comparisons are made among the experimental results with those from prediction models available in the literature. From the results it can be noted that changes in humidity during the first month of testing have the greatest influence on creep and that concrete loaded at higher ages have lower creep. Regarding the prediction models, it was observed that the ACI and GL models are those that best anticipate creep occurrence.
Introduction
Creep basically consists in the deformation increasing on a loaded element when stress is kept constant [1] . This constant external load becomes the driving force for the movement of the adsorbed and capillary water. Thus, the creep deformation can occur even with a 100% relative humidity [2] . It is usually classified into basic and drying creep. The basic creep occurs without moisture exchange with the environment. According to Mehta and Monteiro [2] , basic creep usually occurs in large structures where drying shrinkage can be neglected. As for the drying creep is observed when concrete is submitted to a less than 100% relative humidity environment. Considering that the gradual increase of the creep deformation can be several times greater than the one observed at the time of loading, it proves to be very important for structures. It affects the deformation and vertical displacements and often also the stress distribution. However depending on the structure, these effects may vary. For example, to the concrete mass it is an important parameter, because its effect results in relaxation of the thermal stresses from the concrete cooling. As for the prestressed concrete, it contributes to the loss of prestressing tension [3] . The moisture movement in the hardened cement paste, which essentially controls the drying shrinkage and creep strains in concrete, is influenced by many factors that interact simultaneously [2] . Among the factors that influence this property are: material type and concrete dosage, additives and admixtures, chemical composition and cement fineness, the relative humidity and ambient temperature, curing conditions and conservation, the geometry of the concrete element, age at loading and concrete strength. Neville [4] states that one of the most important factors that influence the creep of concrete is the relative humidity of the air that surrounds it. For creep, the relative humidity affects the concrete drying, and it is important to distinguish between the drying that occurs before and after loading. The drying while the member is loaded, increases creep, which is called drying creep. However, in concrete members which have reached the hygroscopic equilibrium with the environment before loaded, the influence of the relative humidity is lower. Regarding the temperature, it may have two opposing effects on creep. Mehta and Monteiro [2] reported that if a concrete member is subjected to a temperature greater than the environment as a curing before loaded, the strength will increase and creep strain is smaller than that from a concrete stored at a lower temperature. This is because the temperature accelerates hydration, reducing creep. On the other hand, the exposure to high temperatures during the load can increase the creep. In mortar tests, made by Neville [5] , considering the variation of humidity over time, the results show that creep is increased when the specimens are exposed to moisture variation only if the load is applied before the first drying. Exposure of mortar specimens to an alternating relative humidity between 50 and 70% show that creep is almost as big as the measured on specimens kept in a constant relative humidity of 50%, and higher than the average relative humidity of 60%. This suggests that by alternating the relative humidity, creep will be increased beyond that obtained with the lower limit of moisture. The same author also show the study of the behavior of concrete exposed to relative humidity variations in an environment protected from weather (humidity ranging from 60 to 90%), comparing them with results from laboratory specimens kept at 50% moisture. From the results it seems to be no substantial difference in the total strain or creep between the specimens kept in an environment with relative humidity ranging from 60 to 90%, when compared to specimens kept in constant humidity of 50%. Therefore, caution should be exercised in applying results with constant moisture for field applications. As for the age at loading, the creep of concrete loaded at early ages is greater in the first weeks of loading compared to concrete loaded at higher ages. This behavior is due to the higher degree of hydration of the older concrete, which have internal structure more compact and less water available [3] . For loading ages superior to 28 days, the influence of age is very small [6] . In this paper comparisons are made between results obtained from drying creep specimens loaded at different ages and kept in a climate-controlled chamber and specimens left in an uncontrolled environment of relative humidity and temperature. In addition, comparisons are made between the experimental results and prediction models available in the literature.
Materials and methodology
The self compacting concrete of this paper is tested both in fresh and hardened state. The tests performed in the fresh SCC were: slump-flow, flow-rate, V-funnel, and L-box. The tests performed in the hardened SCC were: compressive strength, splitting tensile strength, modulus of elasticity and drying creep. The concrete was made with cement-type CP-II-E-40 from Votorantim Cimentos Brasil S.A., granitic coarse aggregate (maximum size 12,5mm), coarse aggregate from limestone, quartz sand and artificial sand (from crushed stone). The superplasticizers used were polyfunctional Mira 94 from Grace Construction Products and viscocrete 3535 from Sika SA. The mixture used is shown in Table  1 and the physical characterization of coarse and fine aggregates are in Table 2 . In Figure 1 are shown the gradation curves of all aggregates used. The materials of the mixture were weighted and the aggregates creep test are similar to those from the compressive strength test, the molds have some changes when compared to the usual ones because of the metallic plates at the ends of the specimen (diameter of 15cm and 2cm thick). So the molds were 15x34cm, in order to keep the specimen 30cm height. The metallic plates are placed at the ends of the specimen to ensure flatness and uniformity of the applied load. The upper plate is solid and the lower plate has a hole and a slot (as prescribed in NBR8224 [13] ) which allows the passage of the embedded strain gage cable. Furthermore, to ensure their attachment to the specimen, the bottom plate has a metal clamp. The mold also splits, in order to facilitate the instrumentation procedures and has an orifice because of the strain gage cable. In Figure 2 , can be seen the mold used for the creep test. The procedure adopted for the creep test starts by setting the strain gage in the mold, which is made by centralizing it in the longitudinal axis of the mold. After closing the mold, oil is spread inside of it to facilitate the removal of the specimen. After placed the concrete, the upper plate is placed and leveled. These procedures are detailed in Marques et al. [14] . Once casted, the specimens were kept in the molds until the date of the test (14 or 49 days). The demold of each group was made only at the test date and the loading was according to NBR8224 [13] , i.e. the total load was applied in 30s and before the final loading, it was preceded for two consecutive loading and unloading cycles.
were previously oven-dried. The compressive strength, splitting tensile strength and modulus of elasticity tests were made according to NBR5739 [10] , NBR7222 [11] and NBR8522 [12] , respectively, for 7, 14, 28, and 49 days. Three specimens were casted for each test and for each age (total of 36 specimens) The creep test was made according to NBR8224 [13] , and was divided into two groups. The first group was loaded at 14 days and the second one at 49 days. In Table 3 is shown the amount of specimens for each group of drying creep test. Besides the two ages at loading, tests were also made both inside and outside a climated-controlled chamber at 60 ± 4% of humidity and 23º ± 1 of temperature.
Procedures adopted for the drying creep test
The creep test uses cylindrical specimens of 15x30cm. The instrumentation used are embedded electrical strain gage from KYOWA, type KM-120-120-H2-11W1M3. Although the specimens for the Influence of the environment and loading age on SCC drying creep According to NBR8224 [13] , the creep strain is given by subtracting the elastic deformation and the unloaded specimen strain from the total strain. The elastic deformation is the one obtained after the 30s after the third load.
Creep predicting models
The purpose of the prediction models is to provide, to designers, conditions to estimate the creep and shrinkage strains with some accuracy, using known parameters [15] . There are several factors that affect creep, and it is hard to accurately predict it since different physical mechanisms interacts among each other and are influenced by these parameters [16] . Because it is a long-term test, these properties are not often experimentally determined and, in the absence of experimental results for creep or shrinkage, it can be estimated by prediction models that are available in standard codes and the literature. This paper uses the creep prediction models from NBR6118 [17] , Eurocode 2 [18] , ACI 209R [19] , B3 [16] , and GL [20] . It is also discussed some factors that might interfere its use for SCC and the input data adopted for each model. The comparison between experimental results and the ones obtained by the prediction models will be gauged by the compliance function (J). All the analyzed prediction models can be used for an applied load of up to 40% of the compressive strength of the specimen at the loading age, with the exception of EC2, which allows stress up to 45% of the characteristic compressive strength of the concrete and B3 which can be used for a stress up to 45% of the average compressive strength of the concrete. Other input data is the slump, which is used only by NBR6118 [17] and ACI 209R [19] prediction models. According to the NBR6118 [17] , the concrete slump must be used without additives. As for ACI 209R [19] , it is considered the slump of the mixture. This paper
The applied load both in the first group (14 days specimens) and the second group (49 days specimens) were set at 30MPa, which corresponds to 30% of the compressive strength of the specimen at 14 days. This value is fixed due to the limitation of the load application system which maximum stress allowed is 30MPa. The load systems used inside and outside the climated-controlled chamber can be seen at Figures 3 and 4 . As previously said, the specimens undergo two cycles of loading and unloading before the final load is applied. Therefore, the initial strain is the one obtained after the removal of the second load. After that, the specimens are loaded for the third time and measured the strain after 30s (as prescribed in NBR8224 [13] ). The data acquisition equipment was set to register the measurement data every 30s on the first day and every hour after the second day until the end of the test. compares experimental results with those provided by NBR6118 [17] and ACI 209R [19] prediction models using slumps before and after the addition of additives (5cm and 28cm, respectively). Among the prediction models, the B3 [16] has more input data and needs the mixture composition. The range allowed for the material parameters are:
n Mean compressive strength (f cm ): 17 ≤ f cm ≤ 70 MPa; n water/cement ratio (a/c): 0.35 ≤ a/c ≤ 0.85; n Cement content (c): 160 ≤ c ≤ 720 Kg/m³; n aggregate/cement ratio in weight (ag/c): 2.5 ≤ ag/c ≤ 13.5. The prediction model that requires less data is the GL [20] , which only specification concerning the cement is its type, which is considered in all prediction models. Although the prediction models uses equations to predict the modulus of elasticity from the compressive strength results, in this paper were used the experimental results of compressive strength and modulus of elasticity. Besides the compatibility of the prediction models input, it is also necessary to establish a criteria for their comparison. A method widespread in the literature is proposed by Bažant and Panula [16] . The authors developed a statistical coefficient used for the comparison between the experimental results and predictions models (w B3 ). According to Bažant and Baweja [16] , it is considered a good approximation the models with a coefficient up to 25%.
Results and discussions
The characterization tests results of the fresh SCC (slump-flow, flow-rate, V-funnel, and L-box) are shown in Table 4 The hardened SCC characterization was made by compressive strength, splitting tensile strength, elastic modulus and drying creep tests. The mean results from three specimens of the first three tests are shown in Table 5 . Those tests are made in order to evaluate the material behavior over time and to provide data for the creep prediction models, used in this paper. The drying creep and drying shrinkage tests were made in both specimens that was outside and inside the climated-controlled chamber (humidity of 60 ± 4% and temperature of 23 ± 1ºC). From this comparison it is possible to verify the influence of the environment on the long-term deformations. The label for the specimens are according to the following order: test condition (humidity and constant temperature -Chamber or variations in humidity and temperature -Outside chamber), age at loading or drying (14 days -14 or 49 days -49), the specimen number (specimen 1-1 or specimen 2-2). The measured strains for both drying creep and drying shrinkage specimens can be seen in Figure 5 . As can be seen in Figure 5 , the creep strains of the specimens loaded at 14 days, and kept inside the climated-controlled chamber, have higher total strain (approximately 2200me) than the specimens kept outside the chamber (approximately 1800me). This difference can be attributed mainly to the environmental humidity, since the 
Time (days)
Outside chamber-14-1 Outside chamber-14-2 Outside chamber-14-sh Chamber-14-1 Chamber-14-2 Chamber-14-sh Outside chamber-49-1 Outside chamber-49-2 Outside chamber-49-sh Chamber-49-1 Chamber-49-2 Chamber-49-sh Influence of the environment and loading age on SCC drying creep average temperature outside the chamber for the first month of loading was 20ºC. In this same period, the average humidity outside the chamber for the first month of testing was 68%, while the average humidity during the same period inside the chamber was 60%. Regarding the creep results for the second load, it is observed that the results of the specimens inside and outside the chamber are close to each other, presenting approximately 200me of difference. During the first month of the test for specimens loaded at 49 days, the humidity outside the chamber was 64%. A similar behavior can be observed in Figure 6 , which shows the experimental compliance function results. As previously stated, during the second loading, the relative humidity inside and outside the chamber showed a difference of about 4%, which is within the accepted variation limits of humidity inside the chamber. This has reflected on the experimental results by the proximity among the compliance function curves shown in Figures 5 and 6 . The creep strain was obtained by subtracting the drying shrinkage specimen strain from the mean strain from the loaded specimens. After obtaining the experimental curve, the results were divided by the applied load value, to originate the compliance function (J). The Figure 6 shows the experimental compliance function curves from specimens loaded at 14 days (Chamber-14) and 49 days (Chamber-49). It can also be seen the curves from specimens kept outside the chamber. As can be seen in Figure 6 , the values for the compliance function for 365 days from specimens loaded at 14 days was 99me/MPa and 78me/MPa regarding specimens kept inside and outside the chamber, respectively (i.e., a difference of 21% between the results). As for the results from the specimens loaded at 49 days, were approximately 72me/MPa and 82me/MPa for those which remained outside and inside the chamber, respectively. These results show a 12% difference between the measured values. The proximity between the results obtained from the specimens loaded at 49 days were already expected, since the relative humidity inside and outside the chamber was similar during the test beginning. The lowest compliance function value for the specimens kept in an environment with higher relative humidity was expected because, according to Mehta and Monteiro [2], and Neville [5] , it would be expected that the increase in atmospheric humidity would retard the relative moisture flow rate from the interior to the exterior surfaces of the concrete. Comparing the compliance function from specimens kept inside and outside the chamber, it can be seen that there is a difference of 16% and 10%, respectively, between the results concerning a 365 days period. The decrease in the compliance function value for specimens loaded later was expected since their degree of hydration is higher and they have less available water (fact reported by Neville [4] ). This behavior was also experimentally obtained by Equipe de FURNAS [3], Kalintzis [22] , Takeuti [23] , and others. The proximity among the compliance function values for the specimens kept outside the chamber was due to the higher relative humidity for the loading at 14 days (68%), which decreased the compliance function value to this age. Besides the comparison between experimental results, they were also compared to some prediction models available in the literature The compliance function from experimental and prediction models results are shown in Figures 7, 8, 9 , and 10. In Figure 7 is shown the compliance function from experimental results regarding the first age at loading (14 days) for specimens kept inside the chamber, compared to the compliance function for the prediction models. In Figure 8 is shown the comparison made between the experimental compliance function and the predicted ones for specimens loaded at 14 days and kept outside the chamber. As can be seen at Figures 7 and 8 , several prediction models are close to experimental results. The comparison among the experimental and the prediction models results is made by using the coefficient of variation (w B3 ).
As prediction models do not consider the variation of the relative humidity over time, it was set as input the mean relative humidity for the first month of the test. The table 6 shows the input data used for each prediction model. The same comparison with the prediction models and the results inside and outside the chamber was made for the specimens loaded at 49 days. In Figures 9 and 10 are shown respectively the curves of experimental compliance function and of the prediction models for the specimens kept inside and outside the chamber.
The table 7 shows the coefficient of variation (w B3 ) obtained for all prediction models regarding each load age and environmental condition. It is also shown the overall coefficient of variation of the deviations of the models proposed by Bažant and Baweja [16] . Considering acceptable error values up to 25% for w B3 coefficient, it can be seen at Table 7 that, although some prediction models cannot predict the behavior of the specimens load at 49 days and kept inside the chamber, in general all prediction models are suitable.
Among the analyzed models, it was observed that most of them presents good prediction compared to the experimental results (w B3 approximately 18%). However, more comparisons among the prediction models and experimental results from different SCC mixtures varying the type and amount of cement and types of aggregates are necessary, in order to corroborate if those prediction models can be used for SCC's.
Conclusions
From the experimental and prediction model results it can be seen that:
n Regarding the fresh SCC tests, all results were within the limits set by the Brazilian standard code. The concrete used is classified as SF1, VS2, VF2 and PL2;
n It was found that the variation of humidity during the first month test is significant for the drying creep test. This interference is attributed to the greater availability of water movement in the early ages;
n Specimens loaded at 49 days presented lower results for compliance function. This is due to the higher degree of hydration of the concrete at the age of 49 days and less available water.
n All the studied prediction models could predict the creep of the analyzed SCC. Among the used prediction models, most of them showed a w B3 coefficients about 18%;
n It is still necessary to perform creep tests with different SCC ACI-50  28  12  33  16  24  ACI-280  5  16  14  10  12  B3  12  6  30  14  18  EC2  23  8  32  16  22  GL  7  28  8  20  18  NBR-50  6  24  24  8  18  NBR-280  17  38  19  9  23 
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